chemical studies of the acid mucopolysaccharide content of the aorta were made in rabbits fed cholesterol for up to seven months. Colloidal iron staining suggested an increase in acid mucopolysaceharide content of the aortas with mild atheromatous lesions but not when severe lesions were present. Chemical determination, however, revealed no increase in the concentration of acid mucopolysacchnride in early lesions, but did reveal a significant increase in the more severely atheromatous aortas of rabbits fed cholesterol for 6 months or more.
Histochemical and chemical studies of the acid mucopolysaccharide content of the aorta were made in rabbits fed cholesterol for up to seven months. Colloidal iron staining suggested an increase in acid mucopolysaceharide content of the aortas with mild atheromatous lesions but not when severe lesions were present. Chemical determination, however, revealed no increase in the concentration of acid mucopolysacchnride in early lesions, but did reveal a significant increase in the more severely atheromatous aortas of rabbits fed cholesterol for 6 months or more.
I
NVESTIGATION of the role of the ground substance in the formation of atheromatous lesions has been stimulated by the observation that the pathological deposits in human xanthomatosis and experimental atheromatosis occur in structures rich in connective tissue, including vessels wall, tendons and skin. Histochemical observations have suggested that an increase in the acid mucopolysaccharide concentration occurs in the aorta and clermis during the process of atheroma and xanthoma formation in cholesterolfed rabbits. 1 ' 2 The administration of cortisone has been found to retard atheroma formation in cholesterol-fed rabbits despite the enhanced elevation of serum lipids occurring in these animals.
3 " 5 Hyaluronidase counteracts this effect of cortisone on atheroma formation. 1 ' ° These observations suggested that changes in mucopolysaecharides are of importance in atheroma formation and may play a role in the pathogenesis of this lesion.
used in the study of acid mueopolysaccharides are not entirely specific. With the recent development of a convenient chemical method of measurement of the concentration of acid mucopolysaccharides in tissue samples, 7 it seemed advisable to determine the extent and timing of the changes in the acid mucopolysaccharide concentration in the aorta in experimental atheromatosis.
Methods
Rabbits were fed 1 Gin. of cholesterol daily without an additional fat vehicle, and were sacrificed after 1 to 7 months of feeding. Eight rabbits, who received Purina chow without cholesterol suplcments served as controls. Plasma cholesterol, cholesterol esters, phosphoplipid, neutral fat and total lipid were determined at two week intervals during the course of the experiments and at the time of sacrifice. Serum cholesterol and esters were determined by Sperry-Schoenheimer method, 8 phospholipids by the Sperry modification of the Subbarow technic; 9 total lipids by the method of Bloor. 10 Patty acids were calculated by subtraction.
The aortas and other large arteries were examined for atherosclerosis. The degree of atheroma formation was quantitated on a 1 to 4 plus basis. A small segment of the base of each aorta was removed for histological studies which included routine heniatoxylin and eosin stain, periodic aeidSchiff stain, and the Rinehart modification of Hale colloidal iron stain for acid mucopolysaccharides. 11 The remainder of each aorta was analyzed chemically for acid mucopolysaccharides by the method described previously. 7 Both carbazole and orcinol methods were used to determine the uronic acid •This fraction was calculated by subtraction; no standard deviation is given, tDetermined in four animals.
content of the acid mueopolysaceharide fraction extracted from each aorta. Results are expressed as milligrams of uronic acid in niueopolysaecliaridu per 10 Grin, of dried, fat-free tissue.
Results The levels of plasma lipids observed in each group of animals are given in table 1. A marked rise in total cholesterol, phospholipid, and total lipid was observed in animals fed cholesterol for .1 month or longer; these levels were relatively stable during continued feeding. As was seen previously, 12 the increase in phospholipid was proportionately less than of cholesterol.
The degree of atheroma formation observed in each aorta is shown in figure 1 . Early changes were observed in animals fed cholesterol for 1 or 2 months. Moderate to severe lesions were observed in animals fed 3 months or longer.
Histocheinical observations revealed only traces of staining with colloidal iron in the iutima of the aortas of control animals. A marked increase in colloidal iron staining was noted in sections of the aortas of animals fed cholesterol for 2 months M 7 ho had only 1 plus atheromatosis. The aortas of those animals who had 3 or 4 plus atheromatosis showed distinctly less blue-staining by the colloidal iron procedure. The changes observed in the aortas closely resembled those seen in the dermis of animals treated in similar fashion. 2 A graphic presentation of the results obtained by chemical determination of the con- mucopolysaccharide concentrations than normal. After 3 months of feeding, the mean value was again the same as in the control animals; only animals fed 6 months or longer had significantly elevated levels. A greater increase in acid mucopolysaccharide concentration was found using the carbazole method of determination than using the orcinol method, resulting in a fall in the ratio of carbazole to orcinol values.
When the acid mucopolysaccharide concentration was compared to the severity of the atheromatosis, it was found that a few of the animals with moderate atheromatosis and all but one of those with severe atheromatosis had increased levels. A mean value of 517 mg. per cent was found by the carbazole method of determination in the group with 3 plus atheromatosis; this differed significantly from the finding in control animals with a p value of less than .001. Similar, but less marked changes Avere found using the orcinol method of determination, resulting in a fall in the ratio of carbazole to orcinol values from 1.5 in the control animals to 1.3 in those with 3 phis atheromatosis. In those animals with less than 3 plus atheromatosis, the acid mucopolysaccharide concentration did not differ significantly from the values found in the control animals. 
Discussion
Several acid mucopolysaccharides are present in aortic tissue. Heparitin sulfate is one of the most abundant; chondroitin sulfates A and B and hyaluronic acid are present in smaller amounts. 33 The total concentration of acid mucopolysaccharides is very high in the aorta compared to most other tissues. 7 Histochemieal observations suggest that these compounds are located principally in the intima. Study of alterations in the concenti-ation of mucopolysaccharides in the aorta would seem to be particularly pertinent in disease principally affecting the intima.
The histochemical observations made with the Rinehart modification of the colloidal iron stain for mucopolysaccharides duplicated previously reported findings of an increase in colloidal iron staining early in atheroma formation, with less marked changes in more severe atheromatosis. The results obtained with the chemical method of determination of acid mucopolysaccharide concentration are in distinct contrast to the histochemical observa-
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tions made on the same aortas. Whereas aortas with 1 and 2 pins atheromatosis showed marked increase in colloidal iron staining, there was no change or a slight fall in the chemical values found for acid niucopolysaccharide concentration. On the other hand, aortas of animals fed cholesterol for 6 months or more, who had 3 and 4 plus atheromatosis, showed only a slight increase in colloidal iron staining but had a marked increase in acid mucopolysaccharide concentration by chemical determination.
A decrease in the ratio of carbazole to orcinol values for the uronic acid content of the acid mucopolysaccharide fraction of the aorta occurred in animals with severe atheromatosis. This observation suggests that a qualitative change in this fraction may have occurred, since the acid mucopolysaecharides in the aorta vary in their color development with these reagents. Heparitin sulfate gives high ratios, chondroitin sulfate B low ratios, and hyaluronate and chondroitin sulfates A gives ratios close to unity. 13 These results suggest that alterations in the mueopolysaccharides and lipids of the aorta are related. The fact that increase in the concentration of mucopolysaccharide determined by chemical methods occurred only in the more advanced lesions suggests that these changes are secondary to the deposition of lipid. The increase in mucopolysaccharide concentration may be part of the intimal reaction to the deposition of lipid. These findings do not support the suggestion that alterations in the mucopolysaccharides of the aorta play a primary role in the pathogenesis of: atheromatosis.
The discrepancy between the chemical and histochemical observations is of interest, and suggests a need for study of the factors which can influence the affinity of tissue for colloidal iron, as well as the specificity of that staining procedure for acid mucopolysaccha- were made in rabbits fed cholesterol for up to 7 months. Colloidal iron staining suggested an increase in acid mueopolysaccharide content of the aortas with mild atheromatous lesions but not when severe lesions were present. Chemical determination, hoAvever, revealed no increase in the concentration of acid mucopolysaccharide in early lesions, but did reveal a significant increase in the more severely atheromatous aortas of rabbits fed cholesterol for 6 mouths or more. The results with the chemical method of assay suggest that alterations in mucopolysaccharide concentration of the aorta are secondary to the lipid deposition.
Summario in Interlingua
Studios histochimic e chimic del contcnto aortic do mucopolysaccharido acide csseva effectuate in conilios reeipiente cholesterol dietari duraiite periodos de usque a 7 menses. Tinct.urnt.ion a. ferro colloido suggereva le occurrcntia do un augmento del eontcnto aortic de mucopolysaccharido acide quando lovo lesiones athoromatose esseva presente sed non in le presentia. do sever lesiones do ille generc. Tamcn, determinationes chimic revelava nullo augmento del concentration de mucopolysaccharido acide in lesiones precoce, sed-del altere latere-illos revelava le presentia de significative tal augmcutos in le plus sevcrmente atheromatose aortas de conilios tractate con cholesterol durante 6 menses o plus. Le resultatos obtenite con methodos chimic de essayage suggere quo alterationes in le concontrationcs aortic do mucopolysaccharido os secundari al deposition de lipido.
